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INTRODUCTION 

The Department of the Interior, Bureau of Mines, on behalf of the 
United States of America, granted fifty thousand dollars ($50,000) to 
the Colorado Geological Survey, Denver, Colorado, in support of a re
search project entitled "Data Accumulation on the Methane Potential of 
the Coal Beds of Colorado", to commence on October 1, 1975, under the 
direction of D. Keith Murray, Chief, Mineral Fuels Section, Colorado 
Geological Survey. 

The objectives of the grant were as follows: (1) To search the 
literature and available historic records for references pertaining to 
the occurrence of methane gas in Colorado coal beds and mines; (2) to 
obtain freshly cut coal cores in order to calculate the methane gas 
content of the coal by means of desorption measurements; (3) to compile 
a bibliography of published and unpublished articles on Colorado coal; 
(4) to acquire geological data needed to prepare stratigraphic cross 
sections and structure and isopach maps of coal beds in selected areas; 
and (5) to collect data on faults, fractures, cleats, etc. related to 
the coal beds studied. 

One goal of this project was to locate an area in Colorado in 
which "gassy" coal beds could be penetrated by a vertically drilled 
hole and subsequently stimulated by the hydraulic method currently being 
employed by the petroleum industry to enhance the production of oil and 
gas. Stimulation treatments of coal beds in other areas of the country 
have in some instances increased the flow of methane several fold. 
Degasification of coal beds ahead of mining could result in the develop
ment of needed new reserves of pipeline-quality gas, improvement of mine 
safety, and increased mine productivity. 



LITERATURE SEARCH AND BIBLIOGRAPHY 

Very little information about methane gas in Colorado coal beds was 
gleaned from the literature. In fact, only a few references pertaining 
to coal in Colorado were published from the late 1800's to 1945. Most 
of the methane gas data for this project were obtained from a publication 
by H. B. Humphrey (1959). This information is shown on the map entitled, 
"Methane in Colorado Coal Mines" (Plate 1), and in the accompanying tabu
lation, "Occurrence of Methane Gas in Colorado Coal Mines" (Table 1). 

A good source with which to start a search for references pertaining 
to methane gas in coal in Colorado is the "Bibliography, Coal Resources 
in Colorado", compiled by R. D. Holt (1972). After our literature search 
had begun, Colorado Geological Survey Bulletin 37, "Bibliography and index 
of Colorado geology, 1875 to 1975", compiled by the American Geological 
Institute, was published (1976). Bulletin 37 contains a large section 
devoted to coal; however, it does not replace Holt's (1972) bibliography, 
which is limited to coal-related publications. 

Over 500 articles and publications pertaining to Colorado coal not 
listed in Bulletin 34-A have been catalogued. This new coal bibliography 
will be published by the Colorado Geological Survey early in 1978 (Fender, 
Jones and Murray, 1978). The references pertaining to methane in coal are 
listed under "methane, explosions, fires" in the key word index section 
in this new bibliography. 



METHANE GAS IN COAL 

Volatile Matter Content of Coal 

The literature search provided only a partial clue regarding the 
areas in Colorado that might contain the more "gassy" coal beds. The 
U.S. Bureau of Mines and others theorize that the lower the percentage 
of volatile matter in coal, the higher the methane content. On the 
basis of this concept, and on the few references in the literature, 
the Bureau of Mines requested that all available volatile matter (VM) 
percentages be plotted on a map. 

These data are displayed on the map entitled, "Methane in Colorado 
Coal Mines" (Plate I). This map shows that parts of two coal regions in 
Colorado (the Uinta and Raton Mesa) contain some coal beds with relatively 
low volatile matter content. 

Several local areas in the State have deposits of coal with excep
tionally low volatile matter content. Two mines in Crested Butte coal 
field, in Gunnison County, for example, contain coal (anthracite) with 
approximately 7 percent volatile matter. In the Yampa coal field, the 
coal from one mine in western Routt County contains 7.3 percent volatile 
matter (anthracite); and in another mine, coal with 14.6 percent volatile 
matter was noted. These mines appear to be located near igneous intrusive 
bodies; thus, the affected areas probably are rather small in areal extent. 

Statewide, the percent VM in coal ranges from 6.9 to 44.8, or from 
anthracite to subbituminous in rank, bituminous being the predominant 
rank in terms of total resource. In order to delineate the more gassy 
areas to be studied in detail, an arbitrary VM content of 31 percent 
is considered to be the upper limit (i.e., the upper limit of medium-
volatile bituminous coal; see Table 4). Most of the coal regions in 
Colorado are characterized by VM contents above 31 percent. 

Using the 31 percent VM figure, it appeared to us that the south 
half of the Raton Mesa region, in Las Animas County, and the south
eastern part of the Uinta coal region, in Garfield, Mesa, Delta, Pitkin, 
and Gunnison Counties (southeastern Piceance Creek basin), were the 
two prime areas warranting further study. 

Methane Occurrence 

The tabulation entitled "Occurrence of Methane gas in Colorado Coal 
Mines" (Table 1) shows only the major mine explosions and fires. Accor
ding to Humphrey (1959), there have been many minor explosions in coal 
mines in the United States. Table 1 shows mine name and location, coal 
bed name and thickness, overburden thickness, coal rank, current MESA 



methane emission data from active mines, average VM percentages from coal 
analyses, and the nature of the occurrences of methane in mines (i.e, 
whether "gassy mines", explosions, fires, etc.). 

The data pertaining to gas explosions, dust explosions, mine fires, 
and the like were placed on the map (Plate 1) alongside the appropriate 
mine locations; however, these data did not clearly delineate the gassier 
areas of the coal regions in the State, as had been anticipated. It should 
be emphasized that even a "low" gas mine can be dangerous if mine ventila
tion is inadequate. 

The average daily emissions of methane gas, measured in cubic feet, 
and the daily production of coal from the active mines were of considerable 
value to our project. The active coal mines in the State, some of which 
are included in the tabulation, are checked periodically by the Mining 
Enforcement and Safety Administration (MESA), District 9 Mine Inspection 
Office. MESA has provided data on the average tons of coal mined per day as 
well as the volume of gas being liberated per day. The cubic feet of gas 
emitted per ton of coal mined can then be calculated using these data. It 
should be noted that not all of the methane emitted by a mine comes directly 
from the coal being mined. Gas also emits from the exposed ribs (sides) 
and sometimes from the roof and floor rocks in a mine. 

A study of the active coal mines in Pitkin County shows that the cubic 
feet of gas emitted per ton of coal mined ranges from 159 to 4,060 (Table 1). 
Five of these mines (Bear Creek, Coal Basin, Dutch Creek #1 and #2, and L.S. 
Wood), are among the gassiest coal mines in the United States (Irani and 
others, 1977). This is true only when compared with other mines in the United 
States on the basis of cubic feet of gas emitted per ton of coal mined. The 
latest gas measurements shown on Table 1 were taken during the first quarter 
of 1977. 

Desorption of Coal Cores 

Probably the most important facet of this grant was to determine the 
cubic feet of methane gas per ton of in-place coal in as many coal beds as 
possible in each of the coal-bearing regions in Colorado. This phase of the 
project necessitated contacting all of the companies that are now, or in 
the future might be, actively involved in coal exploration, especially in 
the coring of coal. 

The search revealed that information concerning the names of coal 
companies operating in Colorado, proposed coal mines, and coal exploration 
projects was either sketchy or not readily available. 

The established coal industry in Colorado, as well as new companies 
becoming involved in coal exploration in the State, needed to be informed 
of the various coal grants and related coal projects being conducted by the 

Colorado Geological Survey. 

In order to distribute this information, a form letter was composed 
giving a brief review of each of the coal grants and of the proposed 
Colorado Coal Directory (Form No. 1). This letter, together with two 



attached forms, "Producing/Licensed Coal Mine Data Sheet" (Form 3), and 
"Proposed Coal Mine Data Sheet" (Form 4), were sent to over 65 companies 
and individuals in Colorado. A more detailed form letter (Form 2) descri
bing the nature of the methane project was mailed to many companies and 
individuals. 

What at first appeared to be a simple task was complicated by changing 
company exploration programs, reluctance of some companies to cooperate with 
the Colorado Geological Survey and the U.S. Bureau of Mines, and the small 
amount of coring being conducted or planned in some of the coal regions. 

Methane Desorption Method 

The method used for desorption of the coal cores is the so-called 
"direct method" used by the U.S. Bureau of Mines (McCulloch and others, 1975). 
The intent of this method was to allow the gas content of a coal bed to be 
measured at the drill site rather than in a laboratory. The direct method is 
applied to coal cores obtained from vertical boreholes. 

The equipment used for desorbing coal cores consists of the following: 

1. A plastic or aluminum cannister or cylinder approximately 12 in. 
in height with an inside diameter of about 4 in. The cannister 
has a closed bottom and a removable top fitted with an "0" ring 
seal. 

2. A valve and a low-reading pressure gauge threaded into the 
removable top of the cannister. 

3. Plastic hose 2-3 ft in length, with fittings on one end that 
mesh with the fittings on the valve. 

4. A cake pan about 8 in. square and 2 in. deep. 

5. A plastic graduated cylinder with milliliter markings. 

6. A stand with a clamp to hold the graduated cylinder. 

The procedure for using this equipment is as follows: 

1. Fill the pan with water and place the open end of the inverted 
plastic graduated cylinder into and below the water level in 
the pan. Retain the cylinder in position by using the clamp 
and stand. 

2. Slide the plastic hose into the open end of the cylinder in 
the water, and push the hose up to the bottom of the cylinder. 

3. Suck on the hose in order to draw water into and to fill the 
cylinder. 

4. Remove the hose. 
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5. Place a portion of a freshly retrived coal core (1000+ grams 
preferred) as quickly as possible into the aluminum cannister 
and secure the top in place. 

6. Connect the fitted end of the hose to the valve. 

7. Place the other end of the hose 1-2 in. into the open end 
of the cylinder immersed in the water. 

At 15-minute .-intervals during the first two hours of desorption, the 
valve should be opened to permit any free gas contained in the cannister to 
displace the water in the graduated cylinder. These readings are plotted 
on a chart in order to establish the amount of gas that had been lost from 
the time the coal was penetrated by the core bit until it had been sealed 
in the cannister. This gas is referred to as "lost gas." 

Following the first two hours of testing, the valve usually is opened 
only once every 24 hours to measure the gas being liberated by the core (if 
considerable gas is being emitted, bleed-off operations may be conducted 
every hour, or at the discretion of the geologist). The results are plotted 
on the same chart noted above and are referred to as volume of "desorbed gas." 
The desorbing process should be continued until the daily methane emission 
rate drops below 0.05 cm . 

The desorbed core is then removed from the cannister, sealed in a plastic 
bag, and shipped to the U.S. Bureau of Mines Pittsburgh (Bruceton) office, 
where it is crushed in a sealed ball mill in order to measure the "residual" 
or remaining gas in the core. 

By knowing the total amount of gas in the coal sample—lost, desorbed, 
and residual—and the weight of the coal sample, one may calculate the 
cubic feet of gas contained in one ton of coal in-place. This information 
can be used to predict the volume of methane that may be emitted from a 
prospective mine, which should be invaluable to an operator in planning a 
mine ventilation system. 

During the two-year period of this grant, two procedural changes were 
made in the core desorption process. The first change involved the formula 
used to calculate the amount of "lost gas" when a cannister developed a 
vacuum after it had been moved from the well site to Denver. ' The second 
change, made late in July 1977, concerned the method used to obtain the 
amount of residual gas in a core. The residual gas determination was 
changed from a graph to a new method developed by the Bureau of Mines 
whereby the pieces of coal core are crushed to less than 200-mesh in a 
sealed ball mill and then the volume of gas liberated can be measured 
directly. To date, four cores have been returned to the Bureau of Mines 
office in Pittsburgh (Bruceton), Pennsylvania, to be tested for residual 
gas. These tests have confirmed that a coal can emit considerable gas 
during the desorbing process and yet retain a significant amount of 
residual gas (the amount depends upon the character of a particular coal). 
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In all probability, the reported gas volume for all cores desorbed 
prior to the initiation of the aforementioned procedural changes is 
conservative. The result for samples not tested for residual gas using 

the new method should be considered as minimum values. The methane that 
is "freely" emitted from a core prior to crushing probably is that which 
will have the most serious effect on a mining operation. 

Another observation pertains to the apparent relationship of the 
gas desorption results and the volatile matter percentage shown on Plate 1. 
As previously stated, the higher the percentage volatile matter, the less 
the amount of gas expected to be retained in the coal. Each of the cores 
desorbed was obtained from the higher percentage VM areas, and each core 
released only small amounts of gas, as might be predicted. 

In most instances, the portions of the cores obtained for desorption 
were given to us by the operators with no restrictions on their use. 
Therefore, the usual procedure followed was to desorb the core, remove it 
from the cannister, seal it in a plastic bag, and then send it to the U.S. 
Bureau of Mines Pittsburgh (Bruceton) office for crushing to determine the 
amount of residual gas. A split of the core then was sent by the Bruceton 
office to the Department of Energy (formerly Bureau of Mines) analytical 
laboratory in downtown Pittsburgh for conventional coal analyses. Finally, 
a split was sent to the U.S. Geological Survey laboratory in Denver for 
geochemical (including trace elements) analyses. 

A copy of the results of the desorption and the analyses have been 
sent to each company providing the core samples. The desorption data 
and a summary of the analyses for each core sampled are listed on Table 
2. 

Results of Desorption Tests 

A total of 19 cores have been desorbed to date (Table 2). These 
cores have been collected from the north half of the Raton Mesa coal 
region, the west half of the San Juan River region, the southeastern and 
northeastern parts of the Uinta region, and the southeastern part of the 
Green River region. A core sample from one coal bed in Grand Mesa field, 
Uinta region, liberated more methane than did cores from any other region 
in the State. Although this particular bed emitted considerable gas 

5.62 cc/g), the coal above and below this bed did not appear to be 
gassy (see Table 2). 

An insufficient number of methane desorption tests have been 
conducted in Colorado to enable us to draw any direct conclusions regar
ding the occurrence and distribution of "gassy" coals in the State. 
However, the tests that we did run do suggest that the "deeper" coals (say, 
greater than 1000 ft. in depth) are not necessarily gassier than the 
"shallower" coals. Methane content of a coal appears to increase with 
rank. Therefore, a "deeper" bed of high-volatile C bituminous coal would 
be expected to contain less methane per unit volume than a high-volatile 
A bituminous coal from shallower depths. 
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We have yet to sample the same coal bed at various depths in order 
to determine whether the methane content of a given coal increases in a 
constant ratio with depth of occurrence, as has been observed in eastern 
U.S. coal fields. 

To date, no coal cores have been obtained from the two known "gassiest" 
areas in the State (based on VM percentages, historic data, and recent MESA 
mine emission measurements; see Plate 1), which are the southern part of the 
Raton Mesa region (Las Animas County) and the southeastern part of the Uinta 
region (Coal Basin, in Pitkin County). 

An interesting occurrence (which tends to corroborate the low volumes 
of gas measured in the coal desorbed to date) is the vacuum condition that 
develops when a desorption cannister is transferred from the coring sites 
(which ranged from 6440 to + 7800 ft in elevation) to our office in Denver 
(elevation 5280 ft ). With one exception—a sample from the southeastern 
part of the Green River region (elevation 6810 ft )—a vacuum developed in 
all of the desorption cannisters. The one exception referred to released 
only a small quantity of gas, which calculates to approximately 8 cu ft per 
ton of in-place coal. A check was made on one core, by cracking the 
cannister valve, to determine whether the methane being emitted would off
set the vacuum in the cannister. Had any gas been emitted by the sealed 
coal sample, the pressure differential should have equalized. This parti
cular cannister still retained a vacuum after desorption tests had been 
run for a 26-day period. Care must be taken under these circumstances not 
to allow water in the pan in which the graduated cylinder is placed to be 
sucked into the cannisters. 

Grant-funded investigators from the Colorado Geological Survey collec
ted coal samples for analyses and for methane desorption measurements from 
a working face in Mid-Continent Coal and Coke Company's Dutch Creek No. 2 
mine in Pitkin County. Typical coal from this mine has the following 
as-received analysis (Collins, 1976, p. 84): 20.5% VM, 72.6% FC, 3.8% ash, 
0.59% sulfur, 3.08% moisture, 14,697 Btu's/lb, and FSI-9. MESA methane 
emission measurements taken early in 1977 recorded nearly 1.5 million cu ft/ 
day (1447.1 cu ftyton of coal mined) from this mine. The 1,447 g sample 
from the fresh mine face emitted a total of 2,053 cc of methane during a 
period of over 3 months (most of this gas was desorbed during the first 
4-6 weeks), which calculates 1.69 cc/g, or 54.23 cu ft/ton of in-place 
coal). Obviously, these figures would be much higher if both, "lost" and 
residual gas were added to the desorbed amount (i.e., the total gas in 
virgin coal should be somewhat greater than what was actually emitted from 
the fresh working-face sample). Nevertheless, this mine sample has a higher 
apparent gas content than any of the core samples that we have desorbed so far. 

13 



GEOLOGY 

Location of Study Area 

Because the southeastern part of the Uinta region (Piceance Creek basin) 
was considered to be one of the two most desirable areas in Colorado for 
detailed investigation, it was necessary to review the geology of this region. 

The area of interest includes parts of Delta, Garfield, Gunnison, Mesa, 
and Pitkin Counties, in west-central Colorado. 

This region is bounded on the east by the White River uplift and by the 
Elk and West Elk Mountains; and on the south and southwest by the Gunnison 
and Uncompahgre uplifts. Structural relief on the Precambrian,between the 
lowest point in the Piceance Creek basin and the highest point on both the 
White River and Uncompahgre uplifts is approximately 27,000 ft (Murray, Fender, 
and Jones, 1977). 

The top of the Cozzette Sandstone, as shown on the structure map (Plate 
4), ranges from 2,500 ft below sea level to more than 5,000 ft above sea level 
in the general area of interest. The Cozzette Sandstone was selected as a 
contour datum because (1) it is an easily identified and correlated marker 
on wire-line geophysical (well) logs on the region, and (2) it occurs a short 
distance below the main coal-bearing interval in the Mesaverde Group in this 
region (i.e, in the lower part of the Williams Fork Formation; refer to Plates 
2, 3). 

Stratigraphy and Sedimentation 

The two stratigraphic cross sections (Plate 2, 3) prepared for this study 
show the formations of primary interest. The Mesaverde Group of Upper Creta
ceous age is divided into the lies and Williams Fork Formations. The lies 
and Williams Fork terms basically are those used 100 miles to the north, in 
Moffat and Routt Counties. However, some workers carry these terms southward 
into the Carbondale-Coal basin area (Collins, 1972). 

The lies is the older of the two formations making up the Mesaverde 
Group. It consists of interfingering tongues of bluish gray.to dark gray 
marine Mancos shales and siltstones, with very fine to sometimes coarse
grained, micaceous, lenticular sandstones. These sandstones, in ascending 
order (depending upon geographic location), are named the Sego, Corcoran, 
Cozzette, and Rollins (or Trout Creek, as it is termed farther north). The 
Rollins and Cozzette Sandstones are the two most useful beds for correlation 
purposes in the Mesaverde Group within the area of interest. 

The Rollins Sandstone is the uppermost sandstone in the lies Formation. 
It is silty at the base and grades upward into a coarse-grained, friable 
sandstone. The thickness of the Rollins, exclusive of the basal silt, 
usually is about 50 ft. In some areas, it may be much thicker, and the 
sand-silt ratio may change considerably. 
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Some thin coal beds occur in the lies Formation in the studied area, 
associated with the Corcoran Sandstone and with several silty, sandy shale 
intervals. Collins (1976, p. 23-24) presents a good description of the 
complex stratigraphy of this lower Mesaverde (lies Formation) sequence. 
Our examination of the historic mine records from this region reveals no 
evidence of production from these lower Mesaverde coal beds. Their rank 
and methane potential remain unknown. 

It should be noted that the Cretaceous and Tertiary coal beds in 
Colorado are not so extensive or so uniform in thickness as are many of 
the Upper Paleozoic coals in the eastern part of the United States. Many 
workers in the western U.S. find that correlation of coal beds is difficult 
when the distance between control points exceeds one quarter of a mile. 

The Williams Fork Formation, which overlies the lies, is divided into 
three members in the Carbondale-Coal Basin area. The lower is named the 
Bowie Shale Member, the middle the Paonia Shale Member, and the upper the 
"Barren" Member. The Bowie and Paonia Members are coal-bearing. Some 
scattered, thin, and mostly non-minable coal seams exist above the Paonia 
Shale Member. 

The Bowie Shale Member in the Coal Basin area, in Pitkin County, is 
680 ft- thick and consists of coal beds interbedded with fresh- to brackish-
water sandstones, siltstones, and some thin shell zones. This member rests 
on the Rollins Sandstone (Collins, 1976). The top of the Bowie Member 
consists of a thick sandstone which is referred to as the "middle bed sand
stone." The named coal beds in the Bowie Formation in the Carbondale-Coal 
Basin area are the Coal Basin, A, B, C, and D (Collins, 1976). This sequence 
includes the very gassy coking coal (medium-volatile bituminous) currently 
being mined at Coal Basin. The methane potential of these coals in the 
subsurface west of Coal Basin, in Pitkin, Mesa, and Gunnison Counties, is 
considered to be excellent. 

The Paonia Shale Member is approximately 560 ft thick in the Coal 
Basin area. The Paonia consists of non-marine sandstones, siltstones, shales, 
and coal beds. The Paonia Member generally contains thinner coals than does 
the Bowie Member (Collins, 1976). 

The Paonia Member rests on the "middle bed" sandstone; at the top of the 
member is a thick sandstone referred to as the "upper sandstone". The coal 
beds in the Somerset area, in ascending order, are the Somerset, Bear, Oliver, 
Hawk's Nest, and E. These coals typically are high-volatile C bituminous in the 
Somerset coal field area and are moderately gassy where mined from drift or 
slope mines near the outcrop areas. The methane potential of these coal beds 
in the subsurface away from the outcrops, where overburdens may range up to 
several thousand feet, is expected to be attractive. 

The top member of the Williams Fork Formation consists of the "barren" 
member,, or undifferentiated member, which contains very few coal beds. This 
unit extends from the top of the Paonia Member to the top of the Mesaverde 
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Group and is usually overlain by the Ohio Creek Conglomerate of Paleocene 
age. 

The tops of the Bowie and Paonia Members generally can be picked by 
utilizing lithologic criteria obtainable through examination of drill cores 
or cuttings or in areas of outcrop; selecting these tops by means of elec
trical log character is difficult at best. The American Stratigraphic Company, 
a commercial sample logging firm headquartered in Denver, makes no attempt to 
mark the Bowie and Paonia tops on their sample logs of wells drilled in the 
study area. 

Stratigraphic Cross Sections 

Two cross sections (Plates 2 and 3) through representative oil and gas 
test wells drilled in the southeastern part of the Uinta region were cons
tructed using film positives of the electrical surveys of those wells reduced 
to a vertical scale of 1" = 200' to facilitate correlation and graphic 
presentation. Well sample information was used to assist in identifying coal 
beds. This type of presentation is considered to be the most useful and 
accurate method for determining the lateral and vertical distribution, frame
work of deposition, and related aspects of coal beds, particularly from the 
regional standpoint. 

The cross sections show formation names and tops, coal beds, isopach 
intervals, and the relationships of the coal zones to the Rollins and Cozzette 
Sandstones. 

The north-south cross section (Plate 2) extends from T. 7 S., R. 91 W. 
to T. 12 S., R. 90 W. This section traverses Garfield, Mesa, and Gunnison 
Counties, and is located immediately west of the Coal Basin area in Pitkin 
County. The correlation datum is the top of the Cozzette Sandstone, which 
is present and identifiable on all of the electrical logs used on this section. 
The interval between the Cozzette and Rollins Sandstones thickens from 650 ft 
at the north end to 860 ft at the south end of the cross section. 

The east-west cross section (Plate 3) commences in T. 11 S., R. 90 W., 
in Gunnison County on the east, and traverses Delta County to T. 9 S., R. 99 W. 
in Mesa County, on the west. The wells used on this cross section are much 
farther apart than are those used on the north-south cross section (Plate 2). 

The top of the Rollins Sandstone was used as a correlation datum on 
this cross section. To the east, the Cozzette Sandstone is approximately 
900 ft below the Rollins, whereas to the west, the interval between the two 
sandstones thins to less than 200 ft. 

The most significant feature of the east-west cross section (Plate 3) 
is the difference in the character of the geophysical well logs on either 
end. East of T. 13 S., R. 93 W., the logs appear to be similar to those 
used on the north-south cross section, and coals are present in both the 
Bowie and Paonia Members. In contrast, the logs to the west of T. 13 S., 
R. 93 W. show that coal beds exist only in the Bowie Member (or in what 
may be more properly termed the "Cameo coal zone"). Also to the west, 
all units of the Mesaverde Group become thinner, and recognizing the top 
of the Bowie and Paonia Members becomes much more difficult. 
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Philip Eager, a geologist with the U.S. Geological Survey, Conservation 
Division, Denver, for the past year or so has been mapping the Mesaverde coal 
beds in the area between the towns of Cameo and Paonia, Colorado. Eager (oral 
communication) believes that the Bowie and Paonia Members cannot be recognized 
in the western part of the Grand Mesa area and that these terms should not be 
used here. He favors using the term "Cameo coal zone" when referring to the 
coal sequence lying above the Rollins Sandstone in the area west of T. 13 S., 
R. 93 W. He believes that there is evidence for a large sandstone buildup 
(offshore bar?) in the vicinity of T. 13 S., R. 93 W., Delta County. This 
sandstone appears to extend in a northerly direction and intersects the area 
traversed by our east-west cross section (Plate 3). Such sandstone buildups 

apparently influenced the deposition of coal in the Paonia Member, possibly 
by creating back-bar swamp conditions that could have favored the deposition 
of relatively thick layers of peat. 

Eager recently completed a program of coal evaluation drilling in the 
Grand Mesa coal field, between Cameo and Paonia. Results of this study are 
expected to be open-filed by the U.S. Geological Survey, Conservation Division, 
by the end of May 1978. 

Cozzette Sandstone Structure MaD 
ii i i • i -

A structure map, using the top of the Cozzette Sandstone as a contour 
horizon, was constructed on a scale of 1" = 3 miles (Plate 4). Because of the 
relatively small scale used, a contour interval of 500 ft was chosen, which 
allows only the major structural features to be shown, such as the northwest-
trending axis of the Piceance Creek basin and the structural noses and/or 
closures of the larger gas fields. Gas wells and dry holes are shown by 
appropriate symbols, along with the tops of the Cozzette Sandstone, datum mean 
sea level, for each well studied. The outcrop of the Mesaverde-Mancos contact 

is shown on the map by a dashed line. 

The structural control shown includes the top of the Dakota Formation 
where obtainable. However, the limited penetration to the Dakota by wells 
drilled in the area precluded constructing an accurate structure map on 

this horizon. 

Any attempt to relate the Cozzette map to the coal beds can only be 

done en a general basis. Most of the known minable coal beds lie above the 
Cozzette Sandstone. Therefore, the map indicates the maximum depth at which 
one may expect to find most of the coal beds. The lateral extent of the coal 
beds is represented by the dashed Mesaverde-Mancos contact. 

Coal Isopach Map 

Plate 5 is a composite isopachous map of the total aggregate coal beds 
occurring in the Bowie Member (shown by solid lines) and in the Paonia Member 
(shown by dashed lines). A large-scale electrical log with formation tops marked is 
attached to one end of Plate 5 in order to present a more readable geophysical 
log of a typical well in the area studied. 

The presence of coal beds was ascertained by carefully examining all of the 

geophysical logs available for each control well (electrical, together with gamma 
ray, sonic, density, etc., if run), plus any information obtainable regarding the 
microscopic examination of well cuttings. Thus, the reliability of our coal bed 
picks varies considerably from well to well (see Plates 2 and 3). 
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The isopach map (Plate 5) shows that the greatest aggregate thickness of 
Mesaverde coals extends in a north-south direction near the eastern edge of 
the Piceance Creek basin. This map also reveals the absence of coal.above the 
"Cameo zone" (Bowie equivalent?) in the western half of the mapped area. There 
is some subsurface evidence that relatively thick coal beds exist at depths 
below the total depths of the control wells used to construct the isopach map. 

COAL MINES EXAMINED 

A total of five underground coal mines in west-central Colorado were 
examined by members of the Colorado Geological Survey and the U.S. Bureau of 
Mines. These visits were for the purposes of (1) obtaining working-face channel 
samples for USGS/USBM chemical analysis, (2) measuring cleat directions, 
(3) studying various geological and engineering problems associated with 
mining, (4) observing techniques used to mine Western steam and metallurgical 
coals, and (5) studying the stratigraphy of the coal-bearing sequences in out
crops near the mine portals. Table 3 is a summary of the data obtained during 
these mine visits, together with representative coal analysis information for 
the mines studied (U.S. Bureau of Mines, 1976). 

The following mines were visited and examined during the term of this 
two-year grant: 

GUNNISON COUNTY (Uinta coal region) 

BEAR MINE (Bear Coal Co.) (Sec. 9, T 13 S, R 90 W) 
Coking coal; 1977 production, 226,220 short tons 
(on strike in December) 

HAWK'S NEST WEST (#2) MINE (Western Slope Carbon, Inc.) 
(Sec. 12, T 13 S, R 90 W) 
Coking coal; 1977 production, 12,362 tons 
(on strike in December) 

SOMERSET MINE (U.S. Steel Corp.) (Sec. 8, T 13 S, R 90 W) 
Coking coal; 1977 production 914,552 tons 
(on strike in December) 

MESA COUNTY (Uinta coal region) 

C. M. C. MINE (Cambridge Mining Corp.) 
(Sec. 34, T 10 S, R 98 W) 
Steam coal; 1977 production, 300,199 tons 

PITKIN COUNTY (Uinta coal region) 

DUTCH CREEK NO. 1 MINE (Mid-Continent & Coke Co.) 
(Sec. 17, T 10 S, R 89 W) 
Coking coal; 1977 production 232,481 tons. 
The first advancing longwall mining machine ever 
installed in a U.S. coal mine is being used in this 
mine under an overburden cover of some 2,800 feet. 
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COLORADO COAL DIRECTORY 

While we were compiling data on active and proposed coal mines and coal 
exploration programs in Colorado, we learned that David H. Hebb and M. S. 
Curtin, of the Mineral Economics Research Institute, Colorado School of Mines, 
had obtained a grant funded by the U.S. Bureau of Mines, Denver, to conduct 
a study of coal shipments, contracts, etc. in the State. This report, entitled, 
"Production and shipments of coal in Colorado", was submitted in February 1977 
to the Intermountain Field Operation Center, U.S. Bureau of Mines, in Denver. 

We have combined the results of our survey of coal companies in Colorado 
with the results of the Hebb and Curtin unpublished report, and have expanded 
the overall scope of the compilation to include other pertinent and related 
information. The results of this survey of the coal industry in Colorado, 
probably the most comprehensive yet made, will be published in the spring of 
1978 by the Colorado Geological Survey. Special computer programs have been 
custom-designed to accommodate the great variety of information contained in 
this Directory, which includes individual data sheets on both licensed and 
proposed coal mines, a directory of companies and consultants located in 
Colorado that are known to be active in the coal industry in the State, and 
considerable statistical information. This directory is designed for input 
into our in-house computerized word-processing system so that it can be re
vised, corrected, and updated as the need arises (Murray and Dawson, 1978). 

This dynamic system will permit virtually instantaneous printouts of 
mine and company/consultant data in a number of formats. For example, one 
format will print out all of the proposed mines in a given county; another 
format will list all of the operating coal companies with offices in Colorado. 

The following is a tentative table of contents for this new Colorado 

Coal Directory: 

INTRODUCTION 
SCOPE OF COAL DEVELOPMENT 

National, Regional, Local 

COUNTY COAL STATISTICS 
COAL MINE MAP, INDEX, AND LOCATION DATA 
COAL SHIPMENT STATISTICS 
COAL DEALER DIRECTORY 
COAL MINE PRODUCTION AND MARKETING TABLES 
COAL MINE PRODUCTIVITY AND EMPLOYMENT TABLES 
USE OF COAL/COST OF COAL 
COAL-FIRED POWER PLANT DIRECTORY 
MAP OF COLORADO TRANSPORT ROUTES 
TRANSPORTATION DIRECTORY 
DIRECTORY OF COAL MINE-RELATED DEVELOPMENTS 

Coking Plants, Conversion Plants, Cleaning Plants, 
Crushing Plants, Impacted Communities, and Local 

Contracts 

PERMIT AND REGULATIONS DIRECTORY 
DIRECTORY OF OTHER AGENCIES ACTIVE IN COAL DEVELOPMENT 
DIRECTORY OF COMPANIES AND CONSULTANTS ACTIVE IN COAL DEVELOPMENT 
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Operating Companies 
Coal Equipment Dealers 
Service Companies 
Supply Companies 

Consulting Firms and Consultants 
Financial Institutions 

SURVEY OF COAL-FIRED HEATING EQUIPMENT MANUFACTURERS (COLORADO) 

STATE OF COLORADO 
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Fig. 1. Map showing major natural gas pipelines in Colorado (after McCulloch and 

Deul, 1977). 
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GAS PIPELINE MAP OF COLORADO 

A map entitled "Gas Pipeline Map of Colorado" (Jones, 1975), scale 
1:500,000 (Figure 1), was constructed showing the route of all 
major and many secondary gas pipelines, together with their diameters and 
ownership; and the location and capacity of each gas processing plant and 
underground gas storage facility. This information is included on the Energy 
Resources Map of Colorado (U.S.G.S. and C.G.S., 1977). 

CONCLUSIONS 

Although all of the original goals of the methane grant were not 
realized in their entirety, much more now is known about methane gas in 
Colorado coal beds and mines than previously. 

The coal-bearing areas of Colorado exhibiting the highest concentra
tions of methane in coal are (a) the southeastern Uinta region (Carbondale 
field), in Pitkin and Gunnison Counties; and (b) the Raton Mesa region 
(Trinidad field), in Las Animas County (refer to Plate 1 and Table 1). 

The gassiest active coal mines in Colorado are the five Coal Basin 
mines operated by Mid-Continent Coal and Coke Co. in Pitkin County. 
According to data provided by MESA District 9, these mines, in terms of 
cubic feet of gas emitted per ton of coal mined, are among the gassiest 
mines in the United States. Methane gas measurements from these mines in 
the first quarter of 1977 ranged from 1,037 to 4,060 cu ft of gas per ton 
of coal mined. 

The gassiest coal mines of record in Colorado (both open and closed) 
are characterized by coal of relatively low volatile matter content 
(approximately 23 to 36%), generally ranging from medium- to high-volatile 
bituminous in rank, and, for the most part, are of metallurgical (coking) 
grade. Geologically, these gassy coals range from Late Cretaceous to Paleo-
cene in age, and they typically occur in areas of high geothermal heat flow 
related to numerous igneous intrusions and extrusions of late Tertiary age. 
Locally, coals in these areas have been coked by igneous activity. 

The volatile matter percentages of Colorado coals may be used, with 
some caution, to give a general idea as to whether or not the coals in a 
particular area have the potential for high methane content. 

The more deeply buried coal beds, at least in some of the coal regions 
in Colorado, are not necessarily very gassy. This observation probably is 
the result of the relatively low rank of such coals. The deepest coal that 
we have so far desorbed came from a bed in the Mesaverde Group (Upper 
Cretaceous) in Rio Blanco County at_a depth 2240-2250 ft. The total gas 
emitted from this sample was 613 cm (1.31 cm /g), of which 460 cm consisted 
of a questionable back-calculation of gas lost during coring and retrieval 
operations. Analytical results for this core are not presently available 
due to the company's request for confidentiality. The gassiest coal core 
came from the Mesaverde Group in Delta County from a depth of 707 ft. The 
total gas emitted from this sample was 1338 cm (5.62 cm /g). However, 
coal cores collected from both above and below this seam emitted almost no 

gas (Table 2). 
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Whenever the pressure of the gas emitting from a coal sample sealed 
in a desorption cannister is unable to overcome the pressure differential 
caused by a change in elevation from the well site to Denver, it might be 
concluded that the methane content of this particular coal is low. However, 
such a conclusion may be erroneous. Some blocky coals in Appalachian fields, 
for example, reportedly emit only about 50 percent of their contained gas, 
even after several months of desorption in a sealed cannister. Obviously, 
these coals must have a high residual gas content. 

As additional coal cores are made available to the Colorado Geological 
Survey for methane"desorption, and as more residual gas measurements are made 
using the Bureau of Mines' new sealed ball mill technique, we hope that 
satisfactory answers to these and other vexing problems may be found. 
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RICHARD D LAMM M'^WfpMI JOHN W. ROLD 
GOVERNOR U, m * M Djrector 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 892-2611 

The Colorado Geological Survey is currently conducting studies on 
several coal projects which should be of interest to all companies involved 
with exploring for and mining Colorado coal. 

This letter contains a brief description of each project so that you 
may be cognizant of this work. It may be that your company will never be 
involved in all phases of these projects. 

I should emphasize that designated confidential information will be 
kept as such by all concerned parties until your permission for release has 
been given. Also, any coal samples, cores, or other related data that your 
company provides which are used for analyses, desorption, or other tests will 
entitle your company to copies of the results at no charge. 

The projects consist of the following three Federal grants and one State-
generated tabulation: 

Colorado Coal Directory Data - (State) 

Enclosed you will find a partially filled out self-explanatory form for 
active and/or proposed coal mines, whichever is applicable to your company. We 
will appreciate any additions or corrections you may wish to make. We will honor 
the confidentiality of any items so marked. The "consumer contracts" data may 
require a separate sheet. For companies operating more than one mine, additional 
forms are enclosed—one for each mine. 

Methane Grant - (Federal) 

The stated goal of this grant project is to locate an area in Colorado 
containing gassy coal beds which may be penetrated by a vertically drilled hole 
in which one or more coal beds may be hydraulically stimulated by the hydro-
fracture method currently being employed by the petroleum industry to enhance 
the production of oil and gas. 

G E O L O G Y 
STORY OF THE PAST ... KEY TO THE FUTURE 
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This procedure could result in developing new reserves of pipeline-quality 
gas, improving mine safety, and increasing mine productivity. Fracture treatments 
in other areas of the country have increased the flow of methane from coal beds 
by several fold. 

If successful, this project could be invaluable to coal companies. To a 
large degree, the success of this project depends upon the willingness of coal 
companies to provide information such as sample logs, core logs, mine maps, 
tonnage figures, and portions of freshly-cut cores. Core splits from freshly-
cut cores are needed to calculate the cubic feet of gas contained in a ton of 
coal. The procedure is to seal the coal splits in a cylinder at the drill site. 
Gas is released from the cylinder each day and measured. This data applied to 
a formula will show the cubic feet of gas in place per ton of coal. The 
desorbing process takes about three weeks. 

Upon completion of the test, and if the company so desires, the U.S.G.S. 
will run trace element analyses, and the U.S.B.M. will perform the usual proximate 
and ultimate analyses, etc. on the degasified core. 

Coal Sampling Grant - (Federal) 

The purpose of this grant is to collect coal samples from each active coal 
mine in Colorado, and from cores of coals likely to be mined in the future. The 
U.S.G.S. will run trace element analyses, and the U.S.B.M. will run the conven
tional proximate, ultimate, etc. analyses. 

Coking Coal Grant - (Federal) 

The purpose of this grant is to determine which coals in Colorado are 
favorable for coking. Data needed include thickness of beds, depth to beds, 
areal extent of beds, estimated reserves, and other factors. This project 
requires that coal samples be taken from cores or from underground mines. 

Calculation of Remaining Coal Reserve Base in Colorado 
by Coal Bed and County - (Federal) 

The purpose of this grant is to compile data on mined or potentially mineable 
coal by bed and by county; to determine the amount of coal mined to date, and 
to determine the remaining coal reserves in each county, by coal bed or zone. 
Detailed information desired would include the name of the coal bed, thickness, 
depth, and areal extent of the bed. 

The Colorado Geological Survey will be most grateful for whatever support 
the coal industry of Colorado can provide in order that these projects may be 
successfully completed. 

Sincerely, 

D. Keith Murray 
Mineral Fuels Section 
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COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 892-2611 

DATA ACCUMULATION ON THE METHANE POTENTIAL OF THE COAL BEDS 

OF COLORADO 

U.S. Bureau of Mines Grant No. G-0166008, awarded to the Colorado Geological 
Survey (Grant term October 1, 1975-September 30, 1977) 

DESCRIPTION OF PROJECT 

Goal: 

The goal of this grant project is to locate an area in Colorado containing 
gassy coal beds that may be penetrated by a hole drilled vertically to a 
reasonable depth in which one or more coal beds may be stimulated by the 
hydraulic fracturing method currently being employed by the petroleum 
industry. This treatment usually enhances production. 

Results: 

Successful completion of the methane project could result in the development of 
new reserves of pipeline-quality gas, improvement of mine safety, and increases 
in mine productivity. 

Data desired for the project: 

1. Drill hole sample logs 
2. Core logs 
3. Geophysical well logs 
k. Cleat direction 
5. Two or more 5' coal seams 
6. Seam depths from 900'-1500' 
7. Coal seams to extend 

over extensive area 

8. Portions of freshly cut cores 
for methane desorption 

9. Mine maps 
10. Coal reserve data 
11. Tonnage produced 
12. Any gas problems 
13. Near a town 
Ik. Near a gas pipeline 

Desorption procedure: 

Splits from freshly cut cores are needed to calculate the cubic feet of gas 
contained in a ton of coal. The procedure is to seal in a cylinder the coal 
splits as soon as possible after retrieval from the core barrel at the drill 
site. Gas released from the cylinder is measured at regular intervals. The 
cubic feet of gas in-place per ton of coal can thus be calculated from the 
resulting data. The amount of core required for desorption is 1000+ grams. 
The desorption process takes about 3 weeks. 

G E O L O G Y 
Story of the past ... key to the future 
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Analysis; 

Upon completion of the desorption process, and if the operator so desires, the. 
U.S. Geological Survey will run trace element analyses on one portion of the 
degasified core, and the Bureau of Mines will perform conventional (proximate, 
ultimate, etc.) analyses on a second split. Approximately k to 5 months 
generally are required before the final analyses have been completed and sent 
to the Colorado Geological Survey. If a company prefers to have the analyses 
run by their own commercial contractor, the desorbed portion of the core can 
be returned to the company with no alteration other than the desorption of 
most of the contained methane. The desorption and/or analytical data from an?/ 
core sample provided to the Colorado Geological Survey will be available at 
no cost to the company involved. 

Confidentiality 

All resulting data will be kept confidential until the operator grants permission 
for its release. 

Notice for Collecting Cores 

It is preferred that we be notified at least one day prior to the day of the 
coring operation in order that CGS personnel can be at the drill site prior 
to penetration of the coal bed. 

Should your company wish to cooperate in this methane-in-coal project, please 
contact either of the following: 

D. Keith Murray, Principal Grant Investigator 
(office, 892-2611; home, 233-6422) 

K. B. Fender, Assistant Grant Investigator 
(office, 892-2611; home, 421-8153) 

H. B. Fender 
Assistant Grant Investigator 

HBF/ef 



FORM 3 

PRODUCING/LICENSED COAL MINE DATA SHEET 

COUNTY: 

COAL REGION: 

FIELD NAME: 

MINE NAME: 

LOCATION (Active surface operation or underground entry): 
Sea. Tup. Rge. 

TYPE OF MINE: 

MINING METHOD: 

STARTUP DATE: 

DEPTH OR OVERBURDEN: 

NA14E OF COAL BED(S): 

GEOLOGIC FORMATION/ROCK UNIT: 

GEOLOGIC AGE: 

THICKNESS OF COAL BED(S), FEET: 

DIP, DEGREES: 

RANK OF COAL: 

rm. of 

USE OF COAL: 

PROXIMATE ANALYSIS (AS-RECEIVED): 

Heat value, Btu/lb.: 
Sulfur, %: 
Moisture, %: 
Ash, %: 

MINE OPERATOR(S). 

(name) 
(address) 

(telephone no.) 

CORPORATE AFFILIATION: 

COMPANY OFFICIALS: 

LEASE INFORMATION'' 

PRODUCTION DATA (SHORT TONS) 
Cumulative to 1/1/77: 
1975 
1976 
1977 (est.) 
197_ (projected) 
19 (projected) 

ESTIMATED LIFE/RESERVES: 

NUMBER OF EMPLOYEES: 
1975 
1976 
1977 (est) 
197 (projected) 
19 (projected) 

SALES DATA: 



FORM 4 

PROPOSED COAL MINE DATA SHEET 

COUNTY: 

COAL REGION: 

FIELD NAME: 

MINE NAME: 

LOCATION (Active surface operation or underground entry): 
Sec. Tup. Rge. 

TYPE OF MINE: 

MINING METHOD: 

STARTUP DATE: 

DEPTH OR OVERBURDEN: 

NAME OF COAL BED(S): 

GEOLOGIC FORMATION/ROCK UNIT: 

GEOLOGIC AGE: 

THICKNESS OF COAL BED(S), FEET: 

DIP, DEGREES: 

RANK OF COAL: 

mt. of 

USE OF COAL: 

PROXIMATE ANALYSIS (AS-RECEIVED). 

Heat value, Btu/lb.: 
Sulfur, %: 
Moisture, %: 
Ash, %: 

MINE OPERATOR(S): 

(name) 

(address) 

(telephone no. ) 

CORPORATE AFFILIATION: 

COMPANY OFFICIALS: 

LEASE INFORMATION: 

PRODUCTION DATA (SHORT TONS), 

197 (projected) 

19 (projected) 

ESTIMATED LIFE/RE^ERVES: 

NUMBER OF EMPLOYEES: 

197 
19 ' 

(projected) 
(projected) 

SALES DATA: 

STATUS OF MINE: 



FORM 5 
CORE SAMPLE DATA SHEET 

Company Drill Hole No. (Sample No.)_ pate 

(tape Company Name and Drill Hole No. on cylinder) 
Company Person Collecting Core 

Drilling Company . 

Hole Location 

County State 

Core Size Barrel Length Type of Core Retrieval 

Drilling Media Air Temperature Surface Elevation_ 

Coalbed_ Coal Thickness 

Depth to base of coalbed Total Depth of Hole 

Roof Rock 

Floor Rock 

Character and type of coal_ 

Seam Description 

Condition of Sample_ 

Sampled Interval Cored Interval^ 

Cylinder Wt. gm. Cylinder Wt. 4. Coal gm. Coal Sample Wt. gm. 

Time Coring Started Time Coring Completed 

Time Ccalbed Encountered (A) Time Core Statted Cut of Hole(B) 

Time Core Reached Surface (C) Time Core Sealed in Cannister (D)_ 

RESULTS 

Lost Gas Time: (D-A) if air or mist is used 

C—B 
(D-C) + (-5-) if water is used_ 

3 
VLost Gas Time in minutes Lost gas (cm )_ 

3 
Gas from Canister (cm ) 

Residual Gas from Crushing (cm3/g)_ 
3 

GAS CONTENT CALCULATION (•gm-)t 

Lost Gas (cm3) + Gas from Canister (cm3) - . ~ (cm2 
Gas Content = Sample Weight (gm) + Residual Gas from Crushing - ^ -

Total cm3/g x 32 = Ft3/Ton 
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FORM 7 

y 

State:, 

Co. : 

_County: 

Hole No.: 

Loc •' 

Date Started-

1 

_Date Completed :•_ 

-r 

_Cyl. No-

20 40 60 80 100 120 

y Time (min) 

140 160 180 200 
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RICHARD D. LAMM »Ji !%fW(V( JOHN W. ROLD 
Governor JJ * X * M Director 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 892-2611 

The Colorado Geological Survey is currently conducting studies on 
several coal projects which should be of interest to all companies involved 
with exploring for and mining Colorado coal. 

This letter contains a brief description of each project so that you 
may be cognizant of this work. It may be that your company will never be 
involved in all phases of these projects. 

I should emphasize that designated confidential information will be 
kept as such by all concerned parties until your permission for release has 
been given. Also, any coal samples, cores, or other related data that your 
company provides which are used for analyses, desorption, or other tests will 
entitle your company to copies of the results at no charge. 

The projects consist of the following three Federal grants and one State-
generated tabulation: 

Colorado Coal Directory Data - (State) 

Enclosed you will find a partially filled out self-explanatory form for 
active and/or proposed coal mines, whichever is applicable to your company. We 
will appreciate any additions or corrections you may wish to make. We will honor 
the confidentiality of any items so marked. The "consumer contracts" data may 
require a separate sheet. For companies operating more than one mine, additional 
forms are enclosed— one for each mine. 

Methane Grant - (Federal) 

The stated goal of this grant project is to locate an area in Colorado 
containing gassy coal beds which may be penetrated by a vertically drilled hole 
in which one or more coal beds may be hydraulically stimulated by the hydro-
fracture method currently being employed by the petroleum industry to enhance 
the production of oil and gas. 

G E O L O G Y 
STORY OF THE PAST ... KEY TO THE FUTURE 
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This procedure could result in developing new reserves of pipeline-quality 
gas, improving mine safety, and increasing mine productivity. Fracture treatments 
in other areas of the country have increased the flow of methane from coal beds 
by several fold. 

If successful, this project could be invaluable to coal companies. To a 
large degree, the success of this project depends upon the willingness of coal 
companies to provide information such as sample logs, core logs, mine maps, 
tonnage figures, and portions of freshly-cut cores. Core splits from freshly-
cut cores are needed to calculate the cubic feet of gas contained in a ton of 
coal. The procedure is to seal the coal splits in a cylinder at the drill site. 
Gas is released from the cylinder each day and measured. This data applied to 
a formula will show the cubic feet of gas in place per ton of coal. The 
desorbing process takes about three weeks. 

Upon completion of the test, and if the company so desires, the U.S.G.S. 
will run trace element analyses, and the U.S.B.M. will perform the usual proximate 
and ultimate analyses, etc. on the degasified core. 

Coal Sampling Grant - (Federal) 

The purpose of this grant is to collect coal samples from each active coal 
mine in Colorado, and from cores of coals likely to be mined in the future. The 
U.S.G.S. will run trace element analyses, and the U.S.B.M. will run the conven
tional proximate, ultimate, etc. analyses. 

Coking Coal Grant - (Federal) 

The purpose of this grant is to determine which coals in Colorado are 
favorable for coking. Data needed include thickness of beds, depth to beds, 
areal extent of beds, estimated reserves, and other factors. This project 
requires that coal samples be taken from cores or from underground mines. 

Calculation of Remaining Coal Reserve Base in Colorado 
by Coal Bed and County - (Federal) 

The purpose of this grant is to compile data on mined or potentially mineable 
coal by bed and by county; to determine the amount of coal mined to date, and 
to determine the remaining coal reserves in each county, by coal bed or zone. 
Detailed information desired would include the name of the coal bed, thickness, 
depth, and areal extent of the bed. 

The Colorado Geological Survey will be most grateful for whatever support 
the coal industry of Colorado can provide in order that these projects may be 
successfully completed. 

Sincerely, 

D. Keith Murray 
Mineral Fuels Section 

HBF/DKM/jp 
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RICHARD D. LAMM 
Governor 

JOHN W. ROLD 
Director 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 892-2611 

DATA ACCUMULATION ON THE METHANE POTENTIAL OF THE COAL BEDS 

OF COLORADO 

U.S. Bureau, of Mines Grant No. G-0166008, awarded to the Colorado Geological 
Survey (Grant term October 1, 1975-September 30, 1977) 

DESCRIPTION OF PROJECT 

Goal: 

The goal of this grant project is to locate an area in Colorado containing 
gassy coal beds that may be penetrated by a hole drilled vertically to a 
reasonable depth in which one or more coal beds may be stimulated by the 
hydraulic fracturing method currently being employed by the petroleum 
industry. This treatment usually enhances production. 

Results: 

Successful completion of the methane project could result in the development of 
new reserves of pipeline-quality gas, improvement of mine safety, and increases 
in mine productivity. 

Data desired for the project: 

1. Drill hole sample logs 
2. Core logs 
3. Geophysical well logs 
k. Cleat direction 
5. Two or more 5' coal seams 
6. Seam depths from 900'-1500' 
7. Coal seams to extend 

over extensive area 

8. Portions of freshly cut cores 
for methane desorption 

9. Mine maps 
10. Coal reserve data 
11. Tonnage produced 
12. Any gas problems 
13. Near a town 
Ik. Near a gas pipeline 

Desorption procedure: 

Splits from freshly cut cores are needed to calculate the cubic feet of gas 
contained in a ton of coal. The procedure is to seal in a cylinder the coal 
splits as soon as possible after retrieval from the core barrel at the drill 
site. Gas released from the cylinder is measured at regular intervals. The 
cubic feet of gas in-place per ton of coal can thus be calculated from the 
resulting data. The amount of core required for desorption is 1000+ grams. 
The desorption process takes about 3 weeks. 

G E O L O G Y 
Story of the past ... key to the future 
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Analysis; 

Upon completion of the desorption process, and if the operator so desires, the 
U.S. Geological Survey will run trace element analyses on one portion of the 
degasified core, and the Bureau of Mines will perform conventional (proximate, 
ultimate, etc.) analyses on a second split. Approximately 4 to 5 months 
generally are required before the final analyses have been completed and sent 
to the Colorado Geological Survey. If a company prefers to have the analyses 
run by their own commercial contractor, the desorbed portion of the core can 
be returned to the company with no alteration other than the desorption of 
most of the contained methane. The desorption and/or analytical data from any 
core sample provided to the Colorado Geological Survey will be available at 
no cost to the company involved. 

Confidentiality 

All resulting data will be kept confidential until the operator grants permission 
for its release. 

Notice for Collecting Cores 

It is preferred that we be notified at least one day prior to the day of the 
coring operation in order that CGS personnel can be at the drill site prior 
to penetration of the coal bed. 

Should your company wish to cooperate in this methane-in-coal project, please 
contact either of the following: 

D. Keith Murray, Principal Grant Investigator 
(office, 892-2611; home, 233-6422) 

H. Bo Fender, Assistant Grant Investigator 
(office, 892-2611; home, 421-8153) 

y 4 \ & * < ^ ? L v ^ ^ / e ^ - - -

H. B. Fender 
Assistant Grant Investigator 

HBF/ef 
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PRODUCING/LICENSED COAL MINE DATA SHEET 

COUNTY: 

COAL REGION: 

FIELD NAME: 

MINE NAME: 

LOCATION (Active surface operation or underground entry). 
Sec. Tup. Rge. 

TYPE OF MINE: 

MINING METHOD: 

STARTUP DATE: 

DEPTH OR OVERBURDEN: 

NAME OF COAL BED(S): 

GEOLOGIC FORMATION/ROCK UNIT: 

GEOLOGIC AGE: 

THICKNESS OF COAL BED(S), FEET: 

DIP, DEGREES: 

RANK OF COAL: 

rm. of 

USE OF COAL: 

PROXIMATE ANALYSIS (AS-RECEIVED), 

Heat value, Btu/lb. : 
Sulfur, %: 
Moisture, %: 
Ash, %: 

MINE OPERATOR(S). 

(name) 
(address) 

(telephone no.) 

CORPORATE AFFILIATION: 

COMPANY OFFICIALS: 

LEASE INFORMATION-

PRODUCTION DATA (SHORT TONS), 
Cumulative to 1/1/77: 
1975 
1976 
1977 (est.) 
197_ (projected) 
19 (projected) 

ESTIMATED LIFE/RESERVES: 

NUMBER OF EMPLOYEES: 
1975 
1976 
l977(esW 
197 (projected) 
19 (projected) 

SALES DATA: 



FORM 4 

PROPOSED COAL MINE DATA SHEET 

COUNTY: 

COAL REGION: 

FIELD NAME: 

MINE NAME: 

LOCATION (Active surface operation or underground entry): 
Sec. Tup. Rge. 

TYPE OF MINE: 

MINING METHOD: 

STARTUP DATE: 

DEPTH OR OVERBURDEN: 

NAME OF COAL BED(S): 

GEOLOGIC FORMATION/ROCK UNIT: 

GEOLOGIC AGE: 

THICKNESS OF COAL BED(S), FEET: 

DIP, DEGREES: 

RANK OF COAL: 

rm. of 

USE OF COAL: 

PROXIMATE ANALYSIS (AS-RECEIVED). 

Heat value, Btu/lb. : 
Sulfur, %: 
Moisture, %: 
Ash, %: 

MINE OPERATOR(S): 

(name) 

(address) 

(telephone no. ) 

CORPORATE AFFILIATION: 

COMPANY OFFICIALS: 

LEASE INFORI4ATION: 

PRODUCTION DATA (SHORT TONS), 

197 (projected) 

19 (projected) 

ESTIMATED LIFE/RESERVES: 

SALES DATA: 

NUMBER OF EMPLOYEES: 

197 (projected) 
19 (projected) 

STATUS OF MINE: 



FORM 5 
CORE SAMPLE DATA SHEET 

Company Drill Hole No. (Sample No.) Date__ 

(tape Company Name and Drill Hole No. on cylinder) 

Company Person Collecting Core 

Drilling Company_ 

Hole Location 

County S tat e 

Core Size Barrel Length Type of Core Retrieval 

Drilling Media Air Temperature Surface Elevation_ 

Coalbed Coal Thickness 

Depth to base of coalbed Total Depth of Hole 

Roof Rock 

Floor Rock 

Character and type of coal_ 

Seam Description 

Condition of Sample 

Sampled Interval Cored Interval 

Cylinder Wt. gm. Cylinder Wt. 4. Coal gm. Coal Sample Wt. gm. 

Time Coring Started Time Coring Completed 

Time Coalbed Encountered (A) Time Core Statted Out of Hole(B) 

Time Core Reached Surface (C) Time Core Sealed in Cannister (D)_ 

RESULTS 

Lost Gas Time: (D-A) if air or mist is used 

r> tj 
(D-C) + (—5-) if water is used_ 

VLost Gas Time in minutes Lost gas (cm ) 

3 
Gas from Canister (cm ) 

Residual Gas from Crushing (cm3/g) 

3 
GAS CONTENT CALCULATION (•£g-> 

Lost Gas (cm3) + Gas from Canister (cm3) - .-..-•-<, - „ , . (.cm3) 
Gas Content = Sample Weight (gm) + Residual Gas from Crushing ^ L 

Total cm3/g x 32 = Ft3/Ton 
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